Determination of Fe, Zn, Pb and Cd in the lesser tigertooth croaker (Otolithes cuvieri Trewavas, 1974) (Sciaenidae) collected from Karachi Fish Harbor by Ahmed, Quratulan et al.
Pakistan Journal of Marine Sciences, Vol. 19(1&2), 7-12, 2010.  
 
DETERMINATION OF Fe, Zn, Pb AND Cd IN THE  
LESSER TIGERTOOTH CROAKER (OTOLITHES 
CUVIERI TREWAVAS, 1974) (SCIAENIDAE)  
COLLECTED FROM KARACHI  
FISH HARBOR 
 
Quratulan Ahmed, Qadeer Mohammad Ali, Levent Bat,  
Wafra Matanat Zaheen and Allah Buksh Baloch 
The Marine Reference Collection and Resources Centre, University of Karachi,  
Karachi- 75270, Pakistan (QA, QMA, WMZ); Sinop University Fisheries Faculty,  
Department of Hydrobiology, TR57000 Sinop, Turkey (LB);  
Govt. Degree College Lasbella Balochistan (ABB). 
email:quratulanahmed_ku@yahoo.com 
 
ABSTRACT: In this study, Fe, Zn, Pb and Cd have been measured in muscle tissues of 
Otolithes cuvieri collected from Fish Harbour West Wharf Karachi, Pakistan during the 
year of 2008. The Fe concentrations in fish tissues were 6 to 88 times higher than those of 
other heavy metals. Cd was the lowest in the tissues. Fe, Zn, Pb and Cd levels in edible 
muscle of O. cuvieri ranged from 15 to 54 µg Fe/g, 2.56 to 9.43 µg Zn/g, 0.13 to 0.87 µg 
Pb/g and 0.11 to 0.92 µg Cd/g, respectively.The values obtained lower as compared to 
maximum permissible limit of the food regulations and international standards and would 
not pose any health hazards to human consumption.  
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INTRODUCTION 
 
 Marine pollution is of environmental concern worldwide. Especially heavy metals 
have wide ecological importance in marine environment due to their toxicity, and 
accumulation in the marine organisms (Bat et al., 2009). They are a major anthropogenic 
contaminants of coastal waters. Their inputs include urban run-off, industrial efluents, 
mining and atmospheric depositions in particulate or dissolved forms. Most of aquatic 
organisms need small amounts of some essential metals such as iron and zinc for their 
vital processes (Bryan, 1976). However these metals become toxic when they exceed 
certain limits (Rainbow, 1985). The non-essential metals cadmium and lead are toxic 
even at relatively low concentrations (Bryan, 1976). Phillips (1980) pointed out that for 
an organism to be a useful indicator of heavy metal pollution, there should be a simple 
relationship between heavy metal levels in the marine environment and in the organism. 
Fish represent organisms commonly employed as sentinel of contamination and used as a 
monitor of baseline environmental metal concentrations.  Fish may accumulate heavy 
metals above background concentrations and thus, demonstrate their potential as 
bioindicators of marine pollution (Storelli and Marcotrigiano, 2005). 
 Fishing is one of the important economic activities in Pakistan. Coastal areas of 
Pakistan bordering northern Arabian Sea, has rich fish products of commercial 
importance (FAO, 2010).  One of the coomercially  important fish species in Pakistan is 
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O. cuvieri, which inhabits inshore and coastal waters (Lal Mohan, 1984) and is a 
carnivorous, preys on Acetes spp., penaeid prawns, deep-sea prawns, fishes, stomatopods, 
mollusks, isopods, copepods and fish larvae (Manojkumar, 2003). Present study provides 
information on Fe, Zn, Pb and Cd concentrations in muscle tissue of O. cuvieri, 
consumed commonly in the coastal areas of Pakistan and the results is compared with 
international permissible concentrations.  
 
MATERIAL AND METHOD 
 
 A total of 18 fish specimen of O. cuvieri were collected from Karachi Fish harbour, 
west wharf through different seasons (Pre-monsoon, Monsoon, Post-monsoon) in 2008. 
The samples were transported to the laboratory by keeping them in ice boxes, the samples 
were allowed to thaw, then were rinsed in distilled water. Total lengths(cm) and 
weights(g) of fish were measured (Table 1). The fishes were dissected and care was taken 
to avoid external contamination to the samples.  The muscle of the fish were prepared for 
analysis according to the method described by Bernhard (1976). Approximately 5 to 10 g 
dorsal muscles were arranged separately from individual fish which were then cut into 
small pieces and homogenized. The samples were then placed in a muffle furnace and the 
temperature was gradually increased to 600oC over a period of 4 hours to avoid a loss of 
material due to sudden combustion until they had been reduced to a grey to white ash. 
The ashes were dissolved with 10 millilitres of 0.1 M HCl according to the method of 
Gutierrez et al. (1978). Three standards were prepared from 1000 ppm stock solution to 2 
ppm, 4 ppm and 6 ppm for metal analysis. The samples were analysed for heavy metals 
using an Atomic Absorption Spectrophotometer (Analyst 700) with programme win lab 
32 software. Metal concentrations were calculated in micrograms per gram dry weight 
(µg/g dry wt.). Statistical analysis of data was carried out with the MINITAB statistical 
program. One-way ANOVA and the Tukey Test were used to compare data among 
seasons (Zar, 1984). 
 
Table 1. Mean ±SD, minimum and maximum of lengths (cm) and weights (g) of    
O. cuvieri during different seasons of the year 2008. 
Seasons N Length Mean ±SD (Min-Max) 
Weight 
Mean ±SD (Min-Max) 
Pre-Monsoon 6 21±0.8 20-22 105± 5 99-112 
Monsoon 6 20±0.7 19-21 98± 5 92-104 
Post-Monsoon 6 21±0.4 21-22 107±3 102-110 
Total 18 21± 0.8 19-22 103±6 92-112 
 
 
RESULTS AND DISCUSSION 
 
 Lengths and weights of the fish samples were taken equal as possible in the present 
study (Table 1). The concentrations of Fe, Zn, Pb and Cd in edible parts of O. cuvieri 
ranged from 15 to 54 µg Fe/g, 2.56 to 9.43 µg Zn/g, 0.13 to 0.87 µg Pb/g and 0.11 to 
0.92 µg Cd/g, respectively. Figures 2A, B, C and D show the mean levels with standard 
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deviations of these metals in the Lesser tiger tooth croaker collected from Karachi Fish 
Harbor during different seasons of the year 2008. 
 The Fe concentrations in fish tissues were 6 to 88 times higher than those of other 
heavy metals. Cd was the lowest in the tissues. Fe concentrations varied significantly 
(P<0.05) in seasons (Table 2). The highest Fe concentration (54.23 µg/g dry wt.) was 
recorded during Monsoon and the lowest (14.78 µg/g dry wt.) was measured in pre-
monsoon season (Fig. 2A). It is well known that Fe is one of the most abundant elements 
in the Earth's crust. When the metal concentrations were compared among the Arabian 
Sea coasts, essential metals were found to be highest in Karachi coast (Zehra et al., 
2003; Raza et al., 2003; Tabinda et al., 2010). ANOVA showed that there was no 
significant difference (P>0.05) between seasons in the concentration of heavy metals 
(Zn, Pb and Cd) in the fish (Table 2). The order of abundance of the metals in the muscle 
tissues of the fish samples were as follows: Fe>Zn>Pb>Cd. Levels of the essential 
metals in the fish samples were higher than those of the non-essential metals in the 
edible tissues. In the present study the maximum Zn concentration (9.43µg/g dry wt.) 
were measured in post-monsoon and minimum (2.56 µg/g dry wt.) were found during 
pre-monsoon season. The essential metals can also produce toxic effects at high levels, 
but their concentrations in aquatic organisms tend to be highly regulated compared to 
non-essential metals (Förstner and Wittmann, 1983; Phillips and Rainbow, 1994). Miller 
et al. (1992) pointed out that edible tissue was a poor indicator of low level Cu and Zn 
contamination. Non-essential heavy metals specially Pb and Cd are potentially harmful 
to most organisms even at very low concentrations and have been reported as hazardous 
environmental pollutants able to accumulate along the aquatic food chain with severe 
risk for human health. In the present study Pb was determined highest (0.67 µg/g dry 
wt.) in pre-monsoon and lowest (0.13 µg/g dry wt.) was measured in both monsoon and 
post-monsoon. Whereas the maximum Cd concentration (0.92 µg/g dry wt.) was 
determined in monsoon and minimum Cd level (0.11 µg/g dry wt.) was found during 
pre-monsoon season. It should bear in mind that the measurements of heavy metals in 
the muscle in fish species are extremely crucial task because of its importance for human 
consumption. The Marine Strategy Framework Directive (MSFD, 2008/56/EC) 
establishes a framework for the development of marine strategies designed to achieve 
Good Ecological Status (GES) in the marine environment by the year 2020. 
Contaminants including heavy metals in fish for human consumption should not exceed 
levels established by Community legislation or other relevant standards (Directive 
2000/60/EC). Therefore, the present study attempted to compare the measured values 
with international standards for food and human health. 
 No maxima have been specified for the essential metals in the European Union.  
However, in the edible muscle of fish the maximum Zn concentration (9.43 mg/kg dry 
wt.) in this study were on average well below the maximum tolerance levels (50 mg/kg 
wet wt.) for human consumption established by compared the The Ministry of 
Agriculture, Fisheries and Food, U.K. (MAFF) (1995). The current food standard 
regulations in the European Union (Official Journal of the European Union, 2006) 
specify allowable maxima for the quantities Cd and Pb. These maxima are 0.30 mg/kg for 
Pb and 0.05 mg/kg for Cd. The mean concentrations of Pb and Cd in the muscle tissues 
of O. cuvieri collected from Karachi Fish Harbor during the year 2008 was 0.412±0.211 
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and 0.341±0.225mg/kg dry wt., respectively. Nevertheless, MAFF (1995) show that the 
maxima levels 2 mg/kg for Pb. Moreover, FAO evaluated the normal tissue 
concentrations of heavy metals in marine organisms were between 0.001 and 1.5 ppm for 
Cd; between 0.05 and 5 ppm for Pb.  
 
 
Fig. 2.  A,B,C,D. Concentration of Fe, Zn, Pb and Cd (µg/g dry wt.) in the muscle 
tissues of O. cuviericollected from Karachi Fish Harbor during different seasons 
of the year 2008. 
 
Table 2. Analysis of variance (ANOVA) of heavy metals in the muscle tissues of    
O. cuvieri collected from Karachi Fish Harbor during different seasons of 
the year 2008. 
Metals Sum of Squares df Mean Square F Sig. 
Fe 
Between Groups 716 2 358 6.5 0.009 
Within Groups 823 15 55   
Total 1539 17    
Zn 
Between Groups 3.15 2 1.6 0.4 0.66 
Within Groups 54 15 3.6   
Total 58 17    
Pb 
Between Groups 0.12 2 0.06 1.3 0.29 
Within Groups 0.64 15 0.43   
Total 0.79 17    
Cd 
Between Groups 0.16 2 0.08 1.8 0.21 
Within Groups 0.70 15 0.05   
Total 0.86 17    
 
Monsoon Monsoon 
Monsoon Monsoon 
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 The average daily fish consumption in Pakistan is 5 g per person (Anonymous, 
2010). This is also equivalent to 35 g/week. The Joint FAO/WHO has recommended a 
provisional tolerable weekly intake (PTWI) as 0.007 mg/kg body weight for Cd (JEFCA, 
2004). This is equivalent to 0.49 mg/week/70 kg body weight. The mean (±SD) Cd levels 
in the muscles tissues of O. cuvieri collected from Karachi Fish Harbor during the year 
2008 was 0.341±0.225 mg/kg dry wt. Estimated Weekly Intake (EWI) and Estimated 
Daily Intake (EDI) for a 70 kg body weight of an adult person on basis of this study 
results were calculated as 0.012±0.008 and 0.002±0.001, respectively.   
 The Joint FAO/ World Health Organization Expert Committee on Food Additives 
(JECFA) established the PTWI for Pb as 0.025 mg/kg body weight (JECFA, 2004). This 
is equivalent to 1.75 mg/week/70 kg body weight. The mean (±SD) Pb levels in the 
muscles tissues of O. cuvieri collected from Karachi Fish Harbor during the year 2008 
was 0.412±0.211 mg/kg dry wt. EWI and EDI for a 70 kg body weight of an adult person 
on basis of the present study results were calculated as 0.014±0.007 and 0.002±0.001, 
respectively. 
 
CONCLUSION 
 
 The present study aimed to measure levels of Fe, Zn, Pb and Cd in Otolithes cuvieri 
a commercially important fish species which is consumed in the coastal areas of Pakistan. 
The mean levels of these metals varied depending on seasons. The results are compared 
with international permissible concentrations. The result shows weekly intake of Fe, Zn, 
Pb and Cd per kg of body values are with in the Provisional Tolerable Weekly Intake 
(PTWI) and hence do not pose any health hazards to to human consumption.   
 
REFERENCES 
 
Anonymous, 2010. Statistics Division, Food Security Statistics, Food Consumption. 
[Online]Available at:  http://www.fao.org/economic/ess/ess-fs/en/ 
Bat, L., O.Gökkurt, M.Sezgin, F. Üstün and F. Sahin, 2009. Evaluation of the Black Sea 
land based sources of pollution the coastal region of Turkey. The Open Marine Biol. 
J. 3: 112-124. 
Bernhard, M., 1976. Manual of methods in aquatic environment Technical Paper No: 158 
FIRI/T 158 Rome: pp, 1-123. 
Bryan, G.W.,1976. Marine Pollution. Heavy Metal Contamination in the Sea. In: R. 
Johnston (Ed.), Academic Press Inc. London, 185-302. 
FAO, 2010. Fishing capacity and fisheries in Pakistan (complied by M. Hayat). Available 
at: http://www.fao.org/ 
Förstner, U. and G.T.W. Wittmann. 1983. Metal pollution in the aquatic environment. 
Second Revised Edition. Springer-Verlag, Berlin. 
Gutierrez, M., R.E. Stablier and A.M. Arias. 1978. Accumulation y effectos 
histpatologicos del Cd yel Hg en el pez sapo (Halobatrachus didactylus). 
Investigaciones Pesqueras, 42,141-154. 
Joint FAO/WHO Expert Committee on Food Additives (JECFA). 2004. Safety evaluation 
of certain food additives and contaminants. WHO Food Additives Series No 52. 
12 Pakistan Journal of Marine Sciences, Vol. 19(1&2), 2010. 
  
Lal Mohan, R.S., 1984. Sciaenidae. In W. Fischer and G. Bianchi (eds.) FAO species 
identification sheets for fishery purposes. Western Indian Ocean (Fishing Area 51). 
Vol. 4. FAO, Rome. pag. var. 
MAFF, 1995. Monitoring and surveillance of non-radioactive contaminants in the aquatic 
environment and activities regulating the disposal of wastes at sea. Directorate of 
Fisheries Research, Lowestoft, Aquatic Environment Monitoring Report, No. 44. 
Manojkumar, P.P., 2003. Observations on the food and feeding habits of Otolithes cuvieri 
(Trewavas) off Veraval. Indian J. Fish. 50(3): 379-385. 
Miller, P.A., K.R. Munkittrick and D.G. Dixon, 1992. Relationship between 
concentrations of copper and zinc in water, sediment, benthic invertebrates and 
tissues of white sucker (Catastomus commersoni) at metal-contaminated sites. 
Canad. J. Fish. Aquat. Sci. 49: 978–985. 
Official Journal of the European Union, 2006. Setting maximum levels for certain 
contaminants in foodstuffs. Commission Regulation (EC) No 1881/2006: 364, 5-24. 
Phillips, D.J.H., 1980. Quantitative Aquatic Biological Indicators Their Use to Monitor 
Trace Metal and Organochlorine Pollution. Applied Science Publishers Ltd., 
London, 488 pp.  
Phillips, D.J.H. and P.S. Rainbow, 1994. Biomonitoring of trace aquatic contaminants. 
Environmental Management Series, Chapman & Hall, London. 
Rainbow, P.S., 1985. The Biology of Heavy Metals in the Sea. Inter. J. Environ. Stud.  
25: 195-211.  
Raza, R., S.A. Sayeed, R. Siddiqi and S. Naz. 2003. Trace metal content in selected 
marine fish species of Northwest coastal area of Karachi, Pakistan. J. Chem. Soc. 
Pak. 25 (4): 313-316. 
Storelli, M.M. and G.O. Marcotrigiano. 2005. Bioindicator organisms: Heavy metal 
pollution evaluation in the Ionian Sea (Mediterranean Sea, Italy). Environmental 
Monitoring and Assessment 102: 159-166. 
Tabinda, A.B., M. Hussain, I. Ahmed and A. Yasar. 2010. Accumulation of toxic and 
essential trace metals in fish and prawns from Keti Bunder Thatta District, Sindh. 
Pakistan J. Zool. 42 (5):  631-638. 
Zar, J.H., 1984. Biostatistical analysis. Second edition. Prentice Hall, Int., New Jersey.  
Zehra, I., T. Kauser, E. Zahir and I.I. Naqvi. 2003. Determination of Cu, Cd, Pb and Zn 
concentration in edible marine fish Acanthopagurus berda (DANDYA) along 
Baluchistan coast–Pakistan. Inter. J. Agricult. Biol. 5 (1): 80-82.  
 
